INTRODUCTION
============

Cardiovascular disease (CVD) and coronary artery disease together are the leading causes of early death in developed societies ([@b2-ijes-10-05-782]). There are a number of risk factors associated with an increased risk for developing CVD and they include but are not limited to: hyperlipidemia, hypertension, poor diet, sedentary lifestyle, and excess body fat or obesity ([@b1-ijes-10-05-782]). One of the most important and common tactics used in any intervention aimed at improving risk factors for CVD is an exercise regimen aimed at weight loss. Traditionally, these exercise regimens have been prescribed as an accumulation of minutes per day or per week ([@b1-ijes-10-05-782]). While knowing amount of time spent exercising will certainly aid in estimating the amount of exercise actually completed, the knowledge of exercise duration doesn't always contain all of the necessary information. If time spent exercising is the main component prescribed, then a number of other factors must be considered, including intensity of exercise.

Williams ([@b44-ijes-10-05-782]) reported that degree of obesity per increase in unit distance walked declined to a greater degree for larger women than for leaner women. This suggestion does not challenge the widely held belief that running should elicit greater gains physiologically than walking, but suggests a scenario in which overweight or obese individuals who are attempting to alter their sedentary lifestyle can see improvements from an alternative exercise regimen that includes more manageable or tolerable moderate-intensity exercise ([@b13-ijes-10-05-782]). For walking and running, intensity and distance traveled per unit time is a direct product of pace. The greater the distance a person travels, the greater the energy expenditure (EE). There has been some suggestion that when EE is accounted for, knowledge of typical duration of exercise does not influence risk of CVD ([@b22-ijes-10-05-782]). Many exercise prescriptions are centered on time-based estimations of EE and some researchers have suggested that the generally accepted recommendation of 30 minutes per day of physical activity may not be enough to see attainable benefits ([@b37-ijes-10-05-782]). These same researchers stated that the minimal threshold is probably closer to 60 min/day and could be as high as 80 -- 90 min/day of moderate intensity exercise ([@b37-ijes-10-05-782]).

If there is such potential variance in time-based exercise prescriptions and EE estimations, it is important to potentially consider other methods to evaluate or prescribe exercise. When considering walking or running as the exercise modality, distance-based estimations may provide an alternative means of prescribing exercise. Research has suggested that knowledge of distance walked or run had a relationship with improvements in body composition ([@b44-ijes-10-05-782], [@b45-ijes-10-05-782]). If this is the case, prescription of walking or running by distance rather than time may provide a better means for weight loss or weight maintenance ([@b46-ijes-10-05-782]). In fact, Williams ([@b46-ijes-10-05-782], [@b47-ijes-10-05-782]) reported in their cross-sectional data that the association observed in body mass index (BMI) and circumference measurements were much stronger when calculated from distance EE estimations compared to EE estimations based on time and intensity. Further, it was shown that estimated EE by distance walked rather than by time led to a significant reduction in the odds of a person reporting they were obese or possessed an unhealthy amount of excess abdominal weight ([@b50-ijes-10-05-782]). It was also suggested that time-based EE estimations may overestimate physical activity and EE by somewhere between 32 -- 43% ([@b46-ijes-10-05-782], [@b47-ijes-10-05-782]). If so, then individuals could be potentially falling well short of meeting overall daily caloric expenditure requirements to maintain or improve body weight status ([@b46-ijes-10-05-782]). Knowing the distance traveled provides a much closer estimate of EE than does time-based EE estimates that must consider not only the time but also the intensity. If intensity is not reported, then time estimations could be even further from the true EE.

If it is true that individuals substantially overestimate total exercise performed as a product of time or intensity as has been reported previously, a simple reworking of exercise guidelines to promote distance walking or running rather than time spent walking or running could provide a better estimate of total EE ([@b24-ijes-10-05-782], [@b46-ijes-10-05-782], [@b47-ijes-10-05-782]). The authors hypothesize that a distance-based exercise prescription will provide a better means for exercise adherence than a time-based exercise prescription and result in a larger improvement in body composition. Williams ([@b46-ijes-10-05-782],[@b47-ijes-10-05-782]) contends that this change may potentially provide a better evaluator of EE for weight control programs. Williams ([@b46-ijes-10-05-782]) stated there is currently no research directly comparing walking distance and walking time and their effect on risk factors for cardiovascular disease. The purpose of this study was to compare a distance-based versus time-based walking prescription to evaluate whether either method encouraged a greater adherence to the exercise and if that adherence then leads to improvement in risk factors of CVD.

METHODS
=======

Participants
------------

The research was approved by the Institutional Review Board committee at the University of Mississippi for the use of human subjects. Informed consent was obtained from all participants in the study. The study included 15 participants from the Oxford, MS community. The desired participants were to be sedentary, overweight but otherwise healthy adults between the ages of 18 -- 44 (males) and 18 -- 54 (females). The Physical Activity Readiness Questionnaire (PAR-Q) was used to screen for any potential contraindications to exercise ([@b41-ijes-10-05-782]). Participants completed a 7-day physical activity questionnaire to determine physical activity status ([@b35-ijes-10-05-782]).

A participant was considered for the study if they were considered overweight but otherwise healthy as determined by answers to the PAR-Q. Each participant's body composition \[total body fat mass (FM), abdominal body fat mass (AFM), fat-free mass (FFM)\] was evaluated using dual energy x-ray absorptiometry (DXA) as measured by a Hologic Delphi, QDR series (Bedford, MA) apparatus and height and body mass were measured by standard scales upon arrival. Overall body fat percentage ranges for consideration in the study were determined using previously published recommendations based on gender and age ([@b1-ijes-10-05-782]). Overweight but otherwise healthy males were considered if their body fat percentage was greater than 22% and overweight but otherwise healthy females were considered if theirs was greater than 32% ([@b1-ijes-10-05-782]).

Protocol
--------

Prior to any exercise intervention beginning, all participants underwent baseline testing. Once the pre-screening (Pre-intervention Visit 1) was completed and the participant met the inclusion standards, the participant was asked to return for resting baseline measurements at least 24 hours later. The participants were required to be fasting from any food or alcohol for at least eight hours as well as abstaining from moderate-intensity exercise for at least two hours and vigorous-intensity exercise for at least 14 hours prior to any Pre-intervention Visit 2 data collection. The participants were required to also have abstained from caffeine for at least four hours and nicotine for two hours. Pre-intervention Visit 2 data collection involved resting blood levels of HDL cholesterol, LDL cholesterol, triglycerides (TG), total cholesterol (TC), and blood glucose (BG) using a Cholestech LDX system (Alere, Waltham, MA). Each participant had the ring finger on their non-dominant hand pricked to collect a capillary blood sample. Each blood sample amounted to 40 μL and was collected within 10 seconds. The use of this analyzer in measurement methodology has been previously validated ([@b6-ijes-10-05-782]). Following completion of this test each participant then had their resting metabolic rate (RMR) evaluated using indirect calorimetry. Each participant was asked to rest quietly while lying reclined at a 45° angle on a padded exercise bench with feet propped up for 20 minutes prior to any data collection beginning. The room in which measurements were made was kept in a comfortable temperature range of between 20 -- 25°C. The measurement of RMR took approximately 30 -- 40 minutes to complete (including the previously mentioned 20 minute rest period). All laboratory metabolic data (oxygen uptake, carbon dioxide production, pulmonary ventilation) related to RMR was measured using a ParvoMedics TrueOne 2400 (Sandy, Utah) measurement system and accompanying mouthpiece and nose-clamp. Once the mouthpiece and nose-clamp was in place and breath-by-breath analysis commenced, data collection continued for at least 10 minutes. The first five minutes of data collection was not considered for analysis and was discarded. The remaining five minutes of data was used for the RMR measurement as long as the coefficient of variation was no greater than 10%. RMR measurement was ended at this point if this criteria was met. If not, evaluation continued until the previously mentioned criteria were met. The described RMR protocol is based on previously published recommendations ([@b8-ijes-10-05-782]).

Pre-intervention Visit 3 involved the assessment of aerobic capacity. Indirect calorimetry was employed to measure oxygen consumption and related variables during treadmill walking or running using the ParvoMedics TrueOne 2400 measurement system. Each participant performed a submaximal treadmill test to predict VO~2~ max using a modified Balke protocol ([@b11-ijes-10-05-782]). Exercise continued until heart rate (HR) reached 60% of predicted heart rate reserve (HRR). Independent regression equations were used to examine the VO~2~ -- HR association and VO~2~ max was estimated at the extrapolated HR~max~. Following completion of the submaximal VO~2~ test, participants were permitted to leave, thus ending all pre-intervention measurements.

Prior to beginning the exercise intervention, the participants were assigned to the two treatment groups in a counter-balanced design in an attempt to limit differences in gender and aerobic capacity between the groups at baseline. One group was prescribed an aerobic exercise regimen based on an accumulated walking/running time per week (TIME) and the other group was prescribed an aerobic exercise regimen based on an accumulated walking/running distance (DIST) per week. Participants were informed about the difference between daily physical activity (such as walking from one class to another) and the planned exercise program to be followed and reported. All participants were instructed to report their exercise completed per day and per week through use of a Qualtrics (Provo, UT) online survey to give a weekly self-report update on the exercise that had been performed that week. Participants were requested to refrain from other strenuous exercise and resistance training during the span of the intervention and were also asked to report weekly exercise as honestly and truthfully as possible and to not purposely over or underestimate time or distance. Participants in both groups were shown how to download and use the Nike Plus Running App (Beaverton, OR) which measures distance of each walk/run in addition to measuring time and pacing data. The DIST group participants were informed that they only needed to be concerned with their walk/run distances that were completed that week; the accumulation of the mileage was the main concern. They were informed that they could choose to walk or run the prescribed distance as they saw fit. The participants in the TIME group reported all of their completed walk/run exercise as time which was measured by the same Nike Plus Running App. The exercise prescription was encouraged to be completed at the participant's convenience and at their own pace.

The design of the exercise program aimed to keep total weekly caloric expenditure as close as possible between the two groups. This is exhibited in the outlines of the intervention styles are presented in [Table 1](#t1-ijes-10-05-782){ref-type="table"} and were based on current recommendations based on a joint position statement from the American College of Sports Medicine (ACSM) and American Heart Association ([@b1-ijes-10-05-782],[@b14-ijes-10-05-782],[@b30-ijes-10-05-782]). Using the current recommendations for weekly EE, the separate prescriptions for the TIME and DIST groups were devised to prescribe the same caloric expenditure per week. The intervention lasted for 10 weeks which exceeded the minimum intervention length for a physical activity program employing self-report data as outlined in a review by Bravata et al. ([@b5-ijes-10-05-782]). Adherence statistics to each exercise regimen were compiled and contrasted following completion of the intervention. Adherence was calculated as amount of the prescribed exercise that was reported to the research team from the individual participant. If less than the prescribed weekly exercise was reported, a percentage \< 100% would be calculated. If the actual amount of exercise reported that particular week was exactly the same as the amount that was prescribed, then a percentage of 100% would be calculated. If a greater amount of exercise was reported than was prescribed, a percentage of \> 100% would be calculated. Only those participants that completed the intervention and were able to return for post-testing data collection were included in the analysis. Once the participants in the TIME group reached week 6 (as displayed in [Table 1](#t1-ijes-10-05-782){ref-type="table"}), they were encouraged to alternate 5-minute walk bouts with 5-minute run bouts in order to closely match weekly exercise prescription with the DIST group. This was done in order to keep exercise time prescription reasonable and achievable for a previously sedentary participant population.

Each participant was also given a 3-day food recall at baseline (Week 0), Week 5 (mid-point), and Week 10 (end-point). Each participant's dietary recall was evaluated using the Nutrient Data System (NDS; Minneapolis, MN, version 2011), a nutrient analysis software program designed for research. This software was provided by the NHM Nutrition Assessment Clinic at the University of Mississippi. Participants were requested to report intake for consumption on a typical three day period. Those participants who reported atypical consumption were asked to complete an additional 3-day record in order to allow assessment of a more "usual consumption" pattern. If necessary, participants were asked to meet with one of the researchers for a verification interview. Specific nutrients of interests that were assessed included but were not limited to: energy (kcal), protein (g), carbohydrates (g), total fat (g), saturated fat (g), monounsaturated fat (g), polyunsaturated fat (g), iron (mg), calcium (mg), and vitamin D (IU). This data was collected in order to evaluate if there was a potential difference in blood lipids or BG for the groups, was there a difference in dietary intake which may have driven these differences.

Following completion of the 10-week intervention, participants returned individually to the lab to have post-testing completed. Post-test procedures mirrored pre-test procedures nearly exactly to evaluate effect of intervention. Exceptions included the following: Pre-intervention Visit 1 and 2 were combined for Post-intervention Visit 1 and all exercise procedures as before (Pre-intervention Visit 3) were performed at least 24 hours later. (Post-intervention Visit 2).

Statistical Analysis
--------------------

A one-way ANOVA was used to compare baseline values (body mass, body composition, blood lipids, BG, RMR, VO~2~ max). A one-way ANOVA was also used to compare dietary recall data (total caloric intake, protein, carbohydrate, total fat, saturated fat, monounsaturated fat, polyunsaturated fat, iron, calcium, and vitamin D). Additionally, a Brown-Forsythe test was used to evaluate homogeneity of variance for the two groups. An independent t-test was used to compare overall adherence to exercise rates between the two intervention styles. A mixed-factor repeated-measures ANOVA (RM-ANOVA) was used to compare all other dependent variables before and after intervention (body weight, body composition, blood lipids, BG, RMR, VO~2~ max) for within-subjects and between-subjects. The independent variable is group assignment (either TIME or DIST). A mixed-factor RM-ANOVA was also used to compare weekly adherence rates to the exercise program. If interactions occurred, they were followed up with a Sidak adjustment for multiple pairwise comparisons. All analyses were conducted using SPSS software (Version 20, SPSS, Inc., Chicago, IL). Statistical significance was defined as a *p*-level less than 0.05 and eta squared was calculated to determine effect size.

RESULTS
=======

The study was able to initially enroll 20 participants (10 in DIST group, 11 in TIME group) in the study. Of those 20, five participants did not complete the intervention and post-testing portions of the study and were thus not included in any analysis. Of those five drop-outs, one participant (from DIST group) dropped out due to sickness unrelated to the study, three participants dropped out due to previous commitments which prevented them from fully investing their time to the program (two from DIST group, one from TIME group), and another participant moved out-of-state prior to finishing the program and was unable to return for any post-testing (from DIST group). This left the total number of participants who completed the study at 15 (9 from TIME group, 6 from DIST group) and these were the participants that were eligible for data analysis. Of those nine participants in the TIME group, six were female and three were male. Of those six participants in the DIST group, three were female and three were male.

[Table 2](#t2-ijes-10-05-782){ref-type="table"} shows descriptive statistics pertaining to the overall adherence to the separate exercise programs. There was not a significant difference in adherence rates between groups (*p* = 0.949). The mean overall adherence rate was 89.8% (89.33% for TIME group, 90.5% for DIST group). Pertaining to the weekly adherence rate, RM-ANOVA showed that there was a significant difference in mean weekly adherence rate to the intervention at the following time points: Week 1 mean adherence for TIME group = 55.9%, DIST group = 139.07% (F~1,14~ = 6.283, *p* = 0.026) and Week 7 mean adherence for TIME group = 132.5%, DIST group = 81.33% (F~1,14~ = 8.706, *p* = 0.011). There was not shown to be a significant difference in weekly adherence rate between groups for all other weeks (Week 2: *p* = 0.766; Week 3: *p* = 0.476; Week 4: *p* = 0.916; Week 5: *p* = 0.663; Week 6: *p* = 0.766; Week 8: *p* = 0.252; Week 9: *p* = 0.575; Week 10: *p* = 0.593). [Figure 1](#f1-ijes-10-05-782){ref-type="fig"} displays this data with mean group adherence noted for each week of the program (separate lines for each group). Standard deviations for each weekly group mean are also displayed within [Figure 1](#f1-ijes-10-05-782){ref-type="fig"}.

There was not a significant difference between groups for any of the reported dietary intake components: total caloric intake (*p* = 0.264), total fat (*p* = 0.225), saturated fat (*p* = 0.463), monounsaturated fat (*p* = 0.345), polyunsaturated fat (*p* = 0.282), carbohydrate (*p* = 0.665), protein (*p* = 0.641), calcium (*p* = 0.882), iron (*p* = 0.463), Vitamin D (*p* = 0.786).

[Table 3](#t3-ijes-10-05-782){ref-type="table"} shows physical characteristics of the study sample prior to and following completion of the exercise intervention. There were no significant differences (*p* \> 0.05) in physical characteristics between the two groups at baseline (age, height, body mass, body fat percentage, FM, FFM, AFM, BMD). RM-ANOVA did not show evidence of a significantly different value from pre-to-post or between groups for the following dependent variables: body fat percentage (*p* = 0.605), FFM (*p* = 0.914), FM (*p* = 0.410), or BMD (*p* = 0.284). RM-ANOVA also showed that there was not a significant difference for the main effect pre-to-post in mean body mass following the intervention (*p* = 0.187), however there was a significant interaction between pre-to-post between groups F~1,13~ = 6.337 (*p* = 0.026, η^2^ = 0.328). Pairwise multiple comparison procedures were conducted to identify significant differences in simple effects due to the existence of a significant interaction; F~1,13~ = 6.375 (*p* = 0.025, η^2^ = 0.329). This significant interaction is demonstrated as the DIST group declined in mean body mass by −4.0 kg while the TIME group increased their mean body mass by 1.1 kg. RM-ANOVA additionally showed that there was not a significant difference for the main effect pre-to-post in mean AFM following the intervention (*p* = 0.258), nor was there a significant interaction between pre-to-post between groups (*p* = 0.072). Despite the lack of a significant relationship in AFM either between groups or following intervention, a possible link is demonstrated as the DIST group declined in mean AFM by −1.5 kg while the TIME group increased their mean AFM by 0.4 kg.

[Table 4](#t4-ijes-10-05-782){ref-type="table"} shows fasting blood lipid panel and BG levels of the study sample prior to and following completion of the exercise intervention. There were no significant differences (*p* \> 0.05) in blood lipids (TC, LDL, HDL, TG) or BG between the two groups at baseline. RM-ANOVA showed that the following dependent variables did not show evidence of a significant differently value from pre-to-post or between groups: TC (*p* = 0.536), LDL (*p* = 0.771), HDL (*p* = 0.597), or TG (*p* = 0.666). RM-ANOVA also showed that there was not a significant difference for the main effect pre-to-post in mean BG following the intervention (*p* = 0.306), however there was a significant interaction between pre-to-post between groups F~1,13~ = 7.681 (*p* = 0.016, η^2^ = 0.371). Pairwise multiple comparison procedures were conducted to identify significant differences in simple effects due to the existence of a significant interaction; F~1,13~ = 6.136 (*p* = 0.028, η^2^ = 0.321). This significant interaction is demonstrated as the DIST group declined in mean BG by −10.5 mg/dL while the TIME group showed an increase in their mean BG by 4.7 mg/dL.

[Table 5](#t5-ijes-10-05-782){ref-type="table"} shows RMR and VO~2~ max data of the study sample prior to and following completion of the exercise intervention. There were no significant differences (*p* \> 0.05) between the two groups at baseline for either RMR or VO~2~ max. The mean baseline RMR was 1692.2 kcal/day for TIME group, 1858.8 kcal/day for DIST group. The mean baseline VO~2~ max of the participants was 34.5 mL/kg/min for TIME group and 34.7 mL/kg/min for DIST group. RM-ANOVA showed that neither of these dependent variables showed evidence of a significantly different value from pre-to-post or between groups; RMR (*p* = 0.710), VO~2~ max (*p* = 0.127). The mean post-intervention RMR was 1828.6 kcal/day for TIME group and 1765.7 kcal/day for DIST group. The mean post-intervention VO~2~ max of the participants was 35.2 mL/kg/min for TIME group, 40.4 mL/kg/min for DIST group.

DISCUSSION
==========

The current study was an exploratory study aimed at investigating whether a distance-based exercise prescription of walking and running may improve risk factors for CVD to a greater degree than a more traditional method of prescribing walking or running exercise by time. The DIST group saw an improvement in their body mass with an average weight loss of 4.0 kg while the TIME group showed an increase in their body mass up 1.1 kg. The difference between the baseline body (and abdominal) masses of the groups, though not significant, could have possibly masked any significant improvements experienced by the DIST group as is suggested by the significant interaction that was observed. A very similar link was shown for AFM with an average loss of 1.5 kg for the DIST group while the TIME group increased by an average of 0.4 kg. Upon evaluation of overall body composition measures, a fairly consistent link emerged with the DIST group exhibiting a small decline in body fat percentage which led to decreases in both FFM and FM. The opposite was true of the TIME group showing small increases in overall body fat percentage, FFM, and FM. Being that this was a 10-week intervention employing predominantly moderate-intensity exercise (with some small amounts of vigorous-intensity) alone rather than exercise plus diet suggests that any improvements experienced within this relatively short amount of time would be minimal. More extreme weight losses often receive the greater bulk of the attention and acclaim, but even a modest weight loss as little as 5% of previous body weight can lead to positive health benefits ([@b3-ijes-10-05-782], [@b12-ijes-10-05-782]). The DIST group showed a weight loss of about 3.8% during this 10-week period, while not reaching the previously mentioned 5% threshold, it can certainly be suggested that the members of this group should be on-track to seeing the improvements in body weight that would be considered successful as suggested by previous research ([@b3-ijes-10-05-782], [@b13-ijes-10-05-782]).

The overall adherence rates were not significantly different between the two groups with the DIST group reporting an average of 90.5% while the TIME group reported an average of 89.3%. There were instances where participants reported accumulating a greater number of miles or length of time than prescribed. This is the reason for there being cases where adherence was reported as greater than 100%. Despite only seeing a significant improvement in two variables for the DIST group (body mass and BG), this 90.5% adherence rate seems to support the notion that significantly improving those two variables requires a strong adherence rate such as this in a short-term 10-week period. However, it is somewhat surprising for the TIME group in particular that such a high level of adherence to the program was reported while actually seeing the overall body mass and BG increase. The reason may partially be found in previous work by Williams and others ([@b33-ijes-10-05-782], [@b46-ijes-10-05-782], [@b47-ijes-10-05-782]). Williams reported that estimated EE was between 32 -- 43% greater when calculated from time compared to distance, suggesting that EE estimations based on time are much more likely to overestimate EE than EE based on distance ([@b46-ijes-10-05-782], [@b47-ijes-10-05-782]). If the self-reported exercise for the TIME group in this study is closer to around 47 -- 57% as the research by Williams ([@b46-ijes-10-05-782], [@b47-ijes-10-05-782]) suggests, this may partially explain why the TIME group saw minimal, if any, improvements in overall risk factor reduction and actually gained weight as a result of the intervention. If the TIME group participants participated in closer to half of the program as Williams' ([@b46-ijes-10-05-782], [@b47-ijes-10-05-782]) research suggests, these participants may not have performed enough exercise to lead to any substantial changes in their body composition or other related CVD risk factors.

Blood cholesterol and glucose levels are certainly dependent on day-to-day dietary habits, but possible small improvements experienced by the participants in the study can potentially be suggestive of success of the exercise program as well. Main effect changes in BG levels were also masked in the same manner as body mass changes as described earlier. The DIST group improved their BG by an average decline of 10.5 mg/dL while the TIME group saw an increase in their BG by an average of 4.7 mg/dL. This improvement in BG occurring alongside a loss in body mass would seem to support previous research which suggests these two factors tend to coincide with weight loss programs and overall improvement of risk factors for CVD ([@b23-ijes-10-05-782], [@b38-ijes-10-05-782], [@b43-ijes-10-05-782]). This suggests that not only was the distance-based program more successful than the time-based program at leading to a loss in body mass, but also lead to an improvement in BG levels which are essential for overall risk for CVD as well as prevention of Type II Diabetes Mellitus ([@b38-ijes-10-05-782]).

When making an evaluation of the lack of a significant difference seen in the dietary recall data, it doesn't appear that dietary habits contributed to any of the potential differences seen for blood lipid or glucose data. The results of this study for measurements of TC and LDL supports what has been reported previously showing minimal, if any, improvements in TC and LDL following a short-term exercise program centered on predominantly moderate-intensity exercise, regardless of body weight changes ([@b3-ijes-10-05-782], [@b9-ijes-10-05-782], [@b12-ijes-10-05-782], [@b18-ijes-10-05-782], [@b19-ijes-10-05-782], [@b26-ijes-10-05-782], [@b34-ijes-10-05-782], [@b40-ijes-10-05-782], [@b48-ijes-10-05-782], [@b49-ijes-10-05-782]). However, both groups showed small (though insignificant) improvements in TG levels, suggesting that the exercise program (even without the mass loss in the case of the TIME group) led to small improvements in blood lipid results. Previous literature has suggested a minimal threshold EE of at least 1000 -- 1200 kcal/week to see any improvements in TG levels ([@b9-ijes-10-05-782], [@b16-ijes-10-05-782], [@b17-ijes-10-05-782], [@b21-ijes-10-05-782], [@b34-ijes-10-05-782], [@b49-ijes-10-05-782], [@b51-ijes-10-05-782]). It's plausible that the exercise completed was not sufficient to observe substantial changes (due to overweight status and low levels of prescribed exercise) due to the low levels of exercise training that was initially prescribed. Examination of HDL levels revealed that the TIME group actually declined by 5.11 mg/dL and increased for the DIST group by 2.67 mg/dL. Previous literature suggests that a minimal threshold of 1200 -- 2200 kcal/week must be reached in order to experience substantial improvements in HDL levels ([@b4-ijes-10-05-782], [@b9-ijes-10-05-782], [@b10-ijes-10-05-782], [@b11-ijes-10-05-782], [@b14-ijes-10-05-782], [@b16-ijes-10-05-782], [@b17-ijes-10-05-782], [@b20-ijes-10-05-782], [@b25-ijes-10-05-782], [@b30-ijes-10-05-782], [@b36-ijes-10-05-782], [@b39-ijes-10-05-782], [@b42-ijes-10-05-782]). HDL levels can vary by approximately 1.5 mg/dL day-to-day so this suggests these changes are accurate measurements of change rather than simply from day-to-day variability ([@b32-ijes-10-05-782]). While this difference was not considered significant, taking the limitations from sample size and lower levels of exercise into account, it's possible that the DIST group showed an improvement over the TIME group in this risk factor for CVD.

The difference in pre-to-post VO~2~ max for DIST group was an increase of 5.8 mL/kg/min and 0.7 mL/kg/min for the TIME group. This difference in levels of improvement between the groups, while not significant, could also be partially explained by the expression of VO~2~ max to body mass. If a loss in body mass is experienced even without an improvement in absolute aerobic capacity, relative aerobic capacity would increase purely as a result in the change in body mass. Additionally, VO~2~ max was estimated from measurement from a submaximal test rather than being quantified from a maximal test.

The RMR for the DIST group decreased by approximately 93.1 kcal/day on average and the RMR for the TIME group increased on average by about 136.4 kcal/day. While this was not a significant or difference, it is perhaps of interest that the RMR of one group appeared to increase while the other decreased slightly. It is possible that this could be related to the gain in body mass by the TIME group (1.1 kg) and the loss in body mass by the DIST group (4.0 kg). While the differences therein do not create a perfect relationship, it is plausible that due to the gain in body mass (including a slight gain in FFM, though insignificant) that was experienced by the TIME group that their RMR increased as well. It's additionally possible that due to the DIST group losing body mass (including a slight, but insignificant loss in FFM) the RMR of those participants could have declined.

An attempt was made to meet the median and mode group sizes employed in previous weight loss interventions outlined by Miller, Koceja, and Hamilton ([@b27-ijes-10-05-782]). Of the initial 20 volunteers, five participants were not able to complete 10-week intervention program. This represents a 25% dropout rate which is fairly comparable to drop-out rates reported by other researchers in similar short-term exercise programs which have employed self-reports of brisk walking for previously sedentary adults. In an 18-week study, Woolf-May et al. ([@b50-ijes-10-05-782]) had a drop-out rate of 29.1%. In their 16-week study, Coleman et al. ([@b7-ijes-10-05-782]) experienced a drop-out rate of 11%. A 12-week study by Murphy, Nevill, Neville, Biddle, and Hardman ([@b28-ijes-10-05-782]) reported a drop-out rate of 42.9%. Another 12-week study reported a drop-out rate of 29% ([@b29-ijes-10-05-782]). The observed power was 0.646 for the significant change in body weight experienced by the DIST group. While some implications can certainly be made from this data set, based on the sample size issues it may be difficult to draw definitive conclusions. However, taking the sample size issues into account, it does appear that the distance-based program led to some important improvements in a few of the risk factors for CVD.

A limitation of this study is that data on EE performed by each participant was not collected. Exercise was prescribed to participants either by distance or by time. As previously mentioned, the amount of exercise that was prescribed for the DIST group was determined based on the estimated EE that the completion of that particular mileage would equate to. The researchers started with the standard ACSM guidelines for aerobic exercise prescription when formulating the exercise prescription for the TIME group and formulated the prescription for the DIST group based on the estimated EE that the members of the TIME group would complete. Future studies should more closely monitor overall EE to assess if the actual EE performed by participants closely mirrors what was prescribed.

To the best of the authors' knowledge, the present study is the first to directly compare a distance-based vs. a time-based exercise program for walking and running for improvement of risk factors of CVD. The results of this study suggest that a distance-based exercise prescription of walking or running should provide a clinician or researcher with a closer estimation of overall EE and resultant weight loss and reduction of particular risk factors for CVD. The sample sizes achieved with this particular study are lower than what was intended but being that this study is a novel design an exploratory in nature, future research should attempt to recruit a larger sample size carried out to a longer duration, allowing the weekly prescribed EE to be increased to see if the same relationships hold true that have been suggested in this study. Also, inclusion of time exercised by the DIST group to compare against a TIME group as well as measures to evaluate the influence that perception of how pacing of the exercise may influence the likelihood to maintain or improve the exercise behavior would be key points of interest.
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###### 

Program design and exercise prescription.

       TIME Group                          DIST Group   
  ---- ------------ ---- ---------- ------ ------------ ------
  1    3 -- 4       30   Walk       500    5            500
  2    3 -- 4       30   Walk       700    7            700
  3    4 -- 5       30   Walk       800    8            800
  4    5            35   Walk       900    9            900
  5    5            40   Walk       1000   10           1000
  6    4 -- 5       40   Walk/Run   1100   11           1100
  7    4 -- 5       45   Walk/Run   1200   12           1200
  8    4 -- 5       50   Walk/Run   1300   13           1300
  9    4 -- 5       55   Walk/Run   1500   15           1500
  10   4 -- 5       60   Walk/Run   1750   17.5         1750

###### 

Overall adherence rates to exercise program.

                                          TIME Group           DIST Group   
  ---------------------------- ---------- ------------ ------- ------------ ------
  Overall Adherence Rate (%)   Combined   89.3         34.7    90.5         29.1
  M                            77.7       32.0         75.0    36.0         
  F                            95.2       37.3         105.9   10.2         

*p* \< 0.05 for within-groups comparison.

###### 

Physical characteristics of participants.

  Variable                   TIME Group   DIST Group              
  ---------------- --------- ------------ ------------ ---------- ------
  Age (years)      *Pre*     23.7         5.6          23.3       4.1
  *Post*           23.8      5.6          23.7         4.5        
  Height (m)       *Pre*     1.69         0.12         1.72       0.09
  *Post*           1.69      0.12         1.72         0.09       
  Body Mass (kg)   *Pre*     87.5^a^      19.2         103.9^a^   18.7
  *Post*           88.6^a^   22.2         99.9^b^      17.9       
  Body fat %       *Pre*     34.7         4.7          37.8       7.0
  *Post*           35.0      3.8          37.0         6.8        
  FM (kg)          *Pre*     30.4         6.9          38.5       10.2
  *Post*           30.9      7.7          37.0         10.4       
  FFM (kg)         *Pre*     56.3         13.4         64.6       12.6
  *Post*           57.7      16.0         62.8         12.0       
  AFM (kg)         *Pre*     9.8          3.3          15.1       5.8
  *Post*           10.2      3.5          13.6         4.5        
  BMD (g/cm^3^)    *Pre*     1.30         0.13         1.30       1.00
  *Post*           1.30      0.14         1.28         0.09       

*p* \< 0.05 for within-groups comparison. Different letters indicate significant interaction present (*p* \< 0.05) for between-groups comparison. FM = fat mass, FFM = fat-free mass, AFM = abdominal fat mass, BMD = bone mineral density.

###### 

Fasting blood lipid panel and blood glucose level of participants.

  Variable                 TIME Group   DIST Group              
  ------------- ---------- ------------ ------------ ---------- ------
  TC (mg/dL)    *Pre*      171.9        29.5         165.3      37.2
  *Post*        163.3      24.1         167.2        42.4       
  LDL (mg/dL)   *Pre*      95.3         22.3         96.4       36.5
  *Post*        92.1       25.2         95.5         27.2       
  HDL (mg/dL)   *Pre*      50.4         21.2         50.3       17.9
  *Post*        45.3       17.3         53.0         24.7       
  TG (mg/dL)    *Pre*      127.9        58.6         92.8       41.6
  *Post*        124.8      63.2         82.8         50.6       
  BG (mg/dL)    *Pre*      84.6 ^a^     8.8          92.8 ^a^   7.1
  *Post*        89.2 ^a^   10.5         82.3 ^b^     4.0        

*p* \< 0.05 for within-groups comparison. Different letters indicate significant interaction present (*p* \< 0.05) for between-groups comparison. TC = total cholesterol, LDL = low-density lipoproteins, HDL = high-density lipoproteins, TG = trigylcerides, BG = blood glucose.

###### 

Estimated metabolic data of participants.

  Variable                         TIME Group   DIST Group            
  ----------------------- -------- ------------ ------------ -------- -------
  RMR (kcal/day)          *Pre*    1692.2       415.0        1858.8   203.2
  *Post*                  1828.6   345.2        1765.7       220.7    
  VO~2~ max (mL/kg/min)   *Pre*    34.5         6.0          34.7     6.1
  *Post*                  35.2     3.9          40.4         10.8     

*p* \< 0.05 for within-groups comparison. Different letters indicate significant interaction present (*p* \< 0.05) for between-groups comparison. RMR = resting metabolic rate
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